INTRODUCTION {#S1}
============

Gestational diabetes occurs in 2 to 10% of pregnancies in the United States each year, and it could be as high as 18% with new screening criteria being utilized (any pregnant patient between 24 to 28 weeks should be screened, regardless of the presence or absence or risk factors).[@B1],[@B2] Worldwide, gestational diabetes affects 15% of pregnancies.[@B3] With the incidence of gestational diabetes continuing to rise, providers will be challenged to provide increasing numbers of their obstetrical patients with comprehensive care to minimize complications of gestational diabetes. It is critical maternal blood glucose be controlled as there are both maternal and fetal complications associated with poor blood glucose control in patients with gestational diabetes. Maternal complications include pre-eclampsia and increased incidence of cesarean section. Fetal complications include macrosomia, shoulder dystocia or trauma in birth, hypoglycemia, hyperbilirubinemia, respiratory distress syndrome, increased incidence of congenital birth defects, spontaneous abortion, and intra-uterine fetal death.[@B4] Mother and baby are also at higher risk long term for developing type 2 diabetes mellitus and being obese.[@B4]

The American College of Obstetricians and Gynecologists (ACOG), International Diabetes Federation (IDF), Canadian Diabetes Association (CDA) and the National Institute for Health and Care Excellence (NICE) all currently recommend starting with diet therapy to try to achieve normal blood glucose levels in patients with gestational diabetes.[@B3],[@B4],[@B5],[@B6],[@B7] If this is not adequate, insulin is currently recommended as the next treatment modality to utilize to achieve and maintain blood glucose control by ACOG, IDF, and CDA.[@B4],[@B5],[@B6] Only NICE recommends it as a suitable first line option alongside insulin analogs.[@B7] Many women may not want insulin therapy for several reasons. Some do not want the hassle of numerous injections each day or may even be fearful of injecting insulin. For some, the cost of insulin therapy can be burdensome. Finally, patients and providers alike may be concerned regarding the hypoglycemia that can occur more frequently and more severely with insulin therapy. ACOG recently updated its position statement and acknowledges that oral medications, specifically glyburide or metformin, "can be considered" to lower blood glucose levels.[@B4] Additionally, ACOG's updated position statement includes data that reflect that although glyburide crosses the placenta there has not been adverse effects in the short-term on the mother or baby. However, they still suggest caution in communicating with patients so that they are aware that the long-term data regarding effects on mother or baby is not available. Although ACOG's position statement was updated in 2013, it does not include all of the literature published that assess the efficacy and safety of newer and existing oral medications to manage gestational diabetes. IDF and CDA list metformin and glyburide as an alternative to insulin therapy in women who are" nonadherent or refuse insulin"[@B6] or "where insulin cannot be afforded or where circumstances make it hazardous to use".[@B5] CDA even recommends discussing utilization of these medications as they are off label uses (in gestational diabetes).[@B6] This article will review the currently available literature regarding use of oral medications to manage gestational diabetes.

METHODS {#S2}
=======

A literature search of the MEDLINE and Ovid databases as well as Google Scholar was performed using the search term "gestational diabetes" combined with each "metformin" and "glyburide". The time frame for the search was inception through August 2014. Randomized controlled trials and cohort (both prospective and retrospective) trials, published in English, with human participants were included. Studies included only pregnant women diagnosed with gestational diabetes.

LITERATURE REVIEW {#S3}
=================

Sulfonylureas and GDM {#S4}
=====================

An initial randomized, controlled trial in 404 patients with gestational diabetes compared glyburide to insulin management after dietary education.[@B8] There were no significant differences in maternal (blood glucose control, delivery mode and pre-eclampsia) or fetal (birth weight, macrosomia, hypoglycemia, and NICU \[neonatal intensive care unit\] admissions) outcomes reported. Only 4% (n=8) of women on glyburide (max dose) failed therapy and were converted to insulin.

Since this initial trial, eight additional cohort (prospective and retrospective) trials[@B9],[@B10],[@B11],[@B12],[@B13],[@B14],[@B15],[@B16] and one randomized controlled trial[@B17] assessing glyburide in gestational diabetes have been published. Most of the trials are small \[ranging from 73 to 235 patients\][@B9],[@B10],[@B12],[@B13],[@B14],[@B15],[@B17]; however there are two larger trials (n=584 and n=10,682).[@B11],[@B16] The smaller cohort trials and randomized controlled trial reported no significant differences in patients managed with glyburide compared to insulin for maternal (delivery mode) or fetal outcomes (birth weight, dystocia, and macrosomia).[@B9],[@B10],[@B12],[@B13],[@B14],[@B15],[@B17] Two trials did report higher NICU admissions for hypoglycemia and respiratory distress in babies whose mothers were treated with glyburide versus insulin.[@B8],[@B12] Failure rates (requiring management with insulin) in these trials ranged from 6% to 20%.[@B9],[@B10],[@B12],[@B13],[@B14],[@B15] Some limitations of these studies include trial design as well, the small sample size, as well as the lack of diversity in patient populations included (many were exclusively Hispanic populations), and lack of dosing protocols for glyburide.

The two larger trials are retrospective in design. The trial by Jacobson and colleagues[@B11] \[n=584\] was a cohort comparing patients managed with glyburide (n=316) to those managed with insulin (n=268) The groups were similar demographically regarding age and risk factors for GDM and time to initiate therapy for GDM. There were significantly more Caucasians and fewer Asians in the insulin group. The mean dose for glyburide was 5.6 mg SD=4.6 and 34.4 units SD=28.1 of insulin. Only 28 patients (12%) failed glyburide therapy and were switched to insulin in the trial. There were no significant differences in delivery modes, macrosomia, and birth weights and large for gestational age. Significantly more women treated with glyburide had preeclampsia compared to those treated with insulin (12% vs 6%, p=0.02). There were significantly more NICU admissions and longer NICU lengths of stay for babies whose mothers were treated with insulin compared to those treated with glyburide (24% vs 15%, p=0.002 and 8.0 days, SD=10.1 vs 4.3,SD=9.6, p=0.002). The biggest limitation of this trial is its retrospective, cohort design.

The largest trial published to date assessed glyburide (n=2,073) compared to insulin (n=8,609) for management of GDM was conducted by Cheng and colleagues.[@B16] There were significant differences in all demographic variables reported. Mean dosing for insulin and glyburide was not reported. Nor were failure rates to glyburide reported. There were no significant differences in preterm deliveries, macrosomia and large for gestational age. There were significantly less cesarean sections in the glyburide group (OR=0.77, 95%CI 0.65:0.91) yet significantly more NICU admissions (OR=1.46, 95%CI 1.07:2.00) with glyburide compared to insulin. Limitations of this trial include its retrospective design and significant differences in all demographic variables between the two groups.

At this point, glyburide has the most evidence of all the sulfonylureas in the management of GDM. Many of these trials[@B9],[@B13],[@B14],[@B16] have examined patient characteristics and risk factors for success and failure of glyburide therapy for managing GDM. These characteristics (see [Table 1](#T1){ref-type="table"}) should be considered when determining if a patient may be a candidate for glyburide. If glyburide is utilized, it should be started at a low dose (2.5 to 5 mg daily) and titrated to effect (maximum dose 20 mg daily). The blood glucose lowering effects should be evident within 24 hours of initiation and should peak within several days. The most common adverse effect experienced with glyburide is hypoglycemia.

###### 

Selection of an oral agent to manage gestational diabetes based on patient characteristics

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Agent                                 Characteristics of ideal candidate                                                                More likely to require supplemental insulin
  ------------------------------------- ------------------------------------------------------------------------------------------------- ------------------------------------------------------------
  Glyburide[@B9],[@B13],[@B14],[@B16]   Fasting level on OGTT 110 mg/dL or lower\                                                         Fasting level on OGTT 110mg/dL or higher\
                                        Later gestational age at time of treatment (25 or more weeks)\                                    Earlier gestational age at time of treatment (\<25 weeks)\
                                        Concern regarding maternal hypoglycemia awareness and treatment with insulin\                     Older maternal age\
                                        Maternal concern regarding injecting insulin\                                                     Higher gravity\
                                        Singleton pregnancy                                                                               Multiparous\
                                                                                                                                          History of gestational DM\
                                                                                                                                          Lower education level (\<9 years of school)\
                                                                                                                                          English is a second language/do not speak English

  Metformin[@B20],[@B23],[@B25]         Lower BMI at time of treatment\                                                                   Higher BMI at time of treatment (35 or higher)\
                                        Fasting level on OGTT 100 mg/dL or lower\                                                         Fasting level on OGTT 110 mg/dL or higher\
                                        Later gestational age at time of treatment\                                                       Earlier gestational age at time of treatment\
                                        Initial episode of gestational DM\                                                                History of gestational DM\
                                        Concern regarding maternal hypoglycemia awareness and treatment regarding insulin or glyburide\   Maternal age
                                        Maternal concern regarding injecting insulin                                                      
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Metformin and GDM {#S5}
=================

An initial cohort trial assessed the use of metformin to sulfonylureas and insulin in 118 women.[@B18] This study published in 2000 reported increased incidences of eclampsia, still births and perinatal mortality with metformin use compared to sulfonylureas and insulin. This prompted many clinicians to avoid use of metformin until additional trials were conducted to confirm or refute this risk.

In 2007 a small (n=63), randomized open label trial was conducted comparing metformin to insulin therapy who had failed dietary control.[@B19] This trial reported no significant differences in maternal (glucose levels and delivery mode) or fetal (birth weight, gestational age at delivery, hypoglycemia and perinatal death) outcomes. However, one big limitation of this trial is only half of the patients that were needed to achieve power were enrolled.

In 2008, the MiG trial was published.[@B20] It was a large (n=751) randomized, open label trial comparing metformin to insulin. This is the largest gestational diabetes trial published to date comparing oral therapy to insulin with a primary focus on neonatal outcomes. There was no significant difference in the primary composite outcome (neonatal hypoglycemia, respiratory distress, phototherapy need, birth trauma, 5 minute APGAR score \<7 and prematurity) between the two arms (32% metformin vs 32.2% insulin \[p=0.95\], RR=0.99, 95%CI 0.8:1.23). There were more incidences of neonatal severe hypoglycemia (BG levels \<28.8mg/dL) with insulin compared to metformin (8.1% vs 3.3%, p=0.008). There was a significant increase in the number of preterm births (\<37 weeks gestation) with metformin compared to insulin (12.1% vs 7.6%, p=0.04). However, there was minimal clinical difference in mean gestational age between the two agents, 38.3 weeks with metformin vs 38.5 weeks with insulin. Forty six percent of patients on metformin required supplemental insulin during the trial. Women who had a higher BMI and higher baseline blood glucose were more likely to require supplemental insulin in this trial.

Since MiG, nine additional metformin trials have been published. Six compare metformin to insulin[@B21],[@B22],[@B23],[@B24],[@B25],[@B26] while the other three[@B27],[@B28],[@B29] compare metformin to glyburide. All are relatively small and only three of the nine are randomized, controlled design. For all but one of the studies comparing metformin to insulin, there are no significant differences reported for birth weight, gestational age, delivery mode, prematurity and perinatal deaths.[@B21],[@B22],[@B23],[@B25],[@B26] The other trial reported significantly more babies with birth weights \>90th percentile (vs n=28 \[35.0%\] vs n=14 \[17.5%\], p=0.012) and higher birth weights (mean 3.4, SD=0.4 vs3.3, SD=0.4 kg, p=0.005) in the insulin group compared to the metformin group.[@B24] For the trials comparing metformin to glyburide, there were no significant differences in maternal blood glucose, neonatal hypoglycemia, macrosomia or gestational age at delivery.[@B27],[@B28],[@B29] There were significant differences in cesarean rates (14.6% vs 2.7%, p=0.02) as well as the number of patients requiring insulin therapy (34.7% vs 16.2%, p=0.01) in the metformin group compared to the glyburide group in one of the trials[@B28], which was not found in the other two.[@B27],[@B29]

There is additional safety data when also considering the impact of metformin on the fetus from polycystic ovary syndrome trials[@B30],[@B31],[@B32] and type 2 diabetes trials.[@B32] In these trials, the fetus was exposed to metformin during part of, if not all of embryogenesis, unlike gestational diabetes trials. There have been no significant differences in infants exposed to metformin regarding fetal harm in utero, at time of birth and even up to 18 months of age in these trials.[@B30],[@B31],[@B32],[@B33]

Many of these trials[@B20],[@B23],[@B25] have examined patient characteristics and risk factors for success and failure of metformin therapy for managing GDM. These characteristics (see [Table 1](#T1){ref-type="table"}) should be considered when determining if a patient may be a candidate for metformin. If metformin is to be utilized to manage gestational diabetes, the dose should be started no higher than 500 mg twice a day to improve toleration and may be titrated to 1000 mg twice daily after one week. The blood glucose lowering effects should be evident within 24 hours of initiation and should peak within several days. The most common adverse effects experienced with metformin are gastrointestinal in nature-diarrhea, cramping, nausea and flatulation. These are most common at initiation of therapy and with each subsequent dose adjustment. Typically these adverse effects resolve with continued use in seven to ten days. If patients are noncompliant with therapy, these adverse effects may persist longer or never completely resolve. A very small minority of patients may not be able to tolerate metformin, in spite of appropriate dose at initiation, slow dose titration, and compliance with daily administration and will have to discontinue therapy.

SPECIFIC RECOMMENDATIONS {#S6}
========================

Based on the results of the HAPO trial, the ADA, CDA and International Association of Diabetes and Pregnancy Study Groups (IADPSG) now recommends all women who are not known to have diabetes, regardless of risk factors, undergo screening for gestational diabetes between 24 and 28 weeks gestation. Since only one abnormal value is sufficient to make the diagnosis, more women are likely to be diagnosed with gestational diabetes than ever before.[@B2],[@B6],[@B34],[@B35],[@B36] Currently, the ACOG guidelines recommend insulin first line for management of GDM when medical nutrition therapy (MNT) fails to attain fasting blood glucose levels less than 95mg/dL or 1 hour post-prandial levels less than 140mg/dL or 2 hour post-prandial levels less than 120mg/dL.[@B4] These recommendations were made prior to the new diagnostic changes for gestational diabetes[@B2], which are more stringent. The CDA and IDF also recommend insulin first line unless a woman is nonadherent, cannot afford it or circumstances are hazardous utilizing insulin therapy.[@B5],[@B6] In addition, the current gestational diabetes trials utilizing oral medications were completed before the new diagnostic changes were implemented. Both of these factors need to be taken into consideration along with patient specific characteristics when determining the most optimal therapy to manage blood glucose in a patient with gestational diabetes. (See [Table 1](#T1){ref-type="table"}) While insulin will likely remain the preferred drug therapy to manage gestational diabetes in the majority of women, it may not always be the best option for all women. Some women will be resistant to injecting insulin on a daily basis or may not be able to afford insulin. Others may not have good insight into the signs and symptoms of hypoglycemia or be able to effectively treat it in a timely manner. It will be important for prescribers to identify these women and determine if they have characteristics present (see [Table 1](#T1){ref-type="table"}) that may increase the success of oral therapies (glyburide or metformin) to manage blood glucose.

Based on the current evidence, metformin and glyburide appear to be safe to both mother and fetus as well as effective to manage blood glucose in patients with gestational diabetes who prefer to not utilize insulin or who cannot afford insulin therapy. All other oral therapies to manage blood glucose levels during gestational diabetes should be reserved until additional evidence is available regarding safety and efficacy to both mother and fetus (see [Table 2](#T2){ref-type="table"} for summary).

###### 

Oral agents with limited or no data in gestational diabetes.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Agent                                         Summary of available human data                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Therapeutic considerations
  --------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Alpha-glucosidase inhibitors                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  Acarbose                                      Acarbose has been assessed in three small studies with two of those only published as abstracts (n=91 & 163). In one, there was no significant differences in maternal blood glucose control or fetal anomalies reported when compared to insulin.[@B37] In the other there were no significant differences in gestational age, delivery mode, and NICU admissions compared to insulin or diet reported.[@B37] Macrosomia occurred less frequently in the acarbose group compared to insulin (5% vs 21%, p=0.03).\   Acarbose may be difficult to utilize in women with gestational diabetes due to the gastrointestinal adverse effects (diarrhea, cramping, flatulence) associated with its use. It should be started very low, 25 mg three times a day and the dose should not be increased until four to eight weeks to minimize adverse effects and improve toleration. Faster titration schedules are typically poorly tolerated. The typical therapeutic dose is 50 to 100 mg three times a day. This slow titration schedule to get to a therapeutic dose is not ideal in managing gestational diabetes since optimal blood glucose control should be achieved relatively quickly to improve both maternal and fetal outcomes.
                                                A randomized, open label study (n=70) in women with GDM[@B38] compared acarbose to insulin and glyburide. There were no significant differences in fetal fasting and postprandial glucose levels, gestational age, fetal weight and macrosomia among the three groups. There was no significant difference in neonatal hypoglycemia with acarbose compared to insulin but it was significantly less compared to glyburide (5.3%, 3.7% and 33.3% respectively, p=0.006).                                              

  Miglitol                                      There is no human data available.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Not recommended for use at this time.

  Dipeptidyl peptidase IV (DDP IV) inhibitors                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Linagliptin                                   There is no human data available.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Not recommended for use at this time.

  Saxagliptin                                   There is no human data available.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Not recommended for use at this time.

  Sitagliptin                                   There is no human data specifically assessing use in management of gestational diabetes.\                                                                                                                                                                                                                                                                                                                                                                                                                            Given the limited data and lack of clinical trials to specifically assess use in management of gestational diabetes, would not recommend utilization in management of gestational diabetes at this time.
                                                Data is limited to the Merck Pregnancy Registry for Januvia. During clinical trials 8 women were taking sitagliptin in the first trimester which had 5 healthy live births, 2 spontaneous abortions and one fetal death at 34 weeks gestation. There have been a total of 24 patients enrolled in the database by prescribers. No congenital anomalies have been reported.[@B39]                                                                                                                                     

  Meglitinides                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  Nateglinide                                   There is no human data specifically assessing use in management of gestational diabetes.\                                                                                                                                                                                                                                                                                                                                                                                                                            Given the very limited data (one case report) and lack of clinical trials to specifically assess use in management of gestational diabetes, would not recommend utilization in management of gestational diabetes at this time.
                                                There is one case report in which the patient was taking pravastatin, metformin and nateglinide during the first 24 weeks gestation. The woman delivered at term a healthy baby boy.[@B40]                                                                                                                                                                                                                                                                                                                           

  Repaglinide                                   There is no human data specifically assessing use in management of gestational diabetes.\                                                                                                                                                                                                                                                                                                                                                                                                                            Given the very limited data (one case report) and lack of clinical trials to specifically assess use in management of gestational diabetes, would not recommend utilization in management of gestational diabetes at this time.
                                                There is case series (n=2) in which the patient was taking metformin and repaglinide or repaglinide alone during the first 6 weeks gestation. Both patients were immediately transitioned to insulin therapy. Both woman delivered at term healthy babies.[@B41]\                                                                                                                                                                                                                                                    
                                                There is another case report in which the patient took repaglinide through the 7^th^ week gestation and was changed to insulin. She also delivered a healthy baby at term.[@B42]\                                                                                                                                                                                                                                                                                                                                    
                                                Finally, there was a brief safety report out of England (n=5). There were three babies with no abnormalities, 1 stillborn (mom had Fraser syndrome) and 1 lost to follow up.[@B43]                                                                                                                                                                                                                                                                                                                                   

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Thiazolidinediones (TZD)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Pioglitazone                                  There is no human data available.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Not recommended for use at this time.
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Additional randomized, controlled trials that assess the optimal therapy to manage blood glucose levels with these new diagnostic criteria are needed, as these women may not have as elevated blood glucose levels as with the old diagnostic criteria. They may be at increased risk for hypoglycemia with insulin therapy if medical nutrition therapy is ineffective in attaining goal blood glucose levels. Also needed are studies that assess the long term outcomes to both mother and child in women who utilized oral blood glucose lowering agents to manage gestational diabetes. In addition, other oral antidiabetes agents (see [Table 2](#T2){ref-type="table"}) need to be studied to assess both efficacy and safety in gestational diabetes management for both mother and fetus.
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